tion, liver disease, protein-losing disorders, genetic deficiencies, and other patterns. Monoclonal gammopathy is described in the context of specific associated clinical conditions (e.g., myeloma, amyloidosis). For each monoclonal gammopathy example, results of standard electrophoresis, densitometry, and immunofixation are presented. The review of disease states uses animation to illustrate the development and remission of a variety of pathological patterns. The program navigator allows the user to jump quickly to any place in the program. The optional exam contains 20 questions, and detailed feedback is given after each question. Electrophoresis-Tutor can be used as a stand-alone teaching tool, a companion to traditional instruction, or a reference source.
High-resolution protein electrophoresis of serum and urine is an aid in the diagnosis of a variety of disease states, most notably multiple myeloma and related plasma cell disorders (1) . Protein 
(2, 3).
The standard methods for teaching the interpretation of protein patterns are supervised instruction at the laboratory bench and textbook instruction based on photographs.
The major drawbacks to supervised For the in-house method, electrophoresis of proteins in serum, CSF, and urine was carried out in a 1.0% medium electroendosmosis agarose gel (FMC Seakem Agarose MEEO on FMC Gelbond Film; FMC, Rockland, ME), 0.75 mm thick. The electrophoretic buffer was a pH 8.6 barbital buffer that contained calcium lactate. We applied 4-pL specimens to the gel, using a plastic application template. Electrophoresis took place at 125 mA for '-45 mm in a chamber that was water-cooled to a constant temperature of 4 #{176}C.
The separated proteins were fixed with a solution of methanol and acetic acid, stained with amido black (serum), and then counterstained with Coomassie Blue (CSF and urine).
The staining patterns present in the dried gels were digitized (TIFF format) by using a digital imaging system consisting of a 300 dpi, black and white, flat-bed scanner (Apple Scanner; Apple Computer, Cupertino, CA) interfaced to an Apple Quadra 900 microcomputer.
The This classification is not meant to imply that serum protein electrophoresis can, by itself, differentiate these conditions; rather, the program emphasizes that a particular diagnosis is based on many clinical findings, including the electrophoresis results. In the monoclonal gammopathy section, the strategy for presenting each clinical condition is similar. This strategy is shown schematically in Fig. 2 . The user is first given an overview of the characteristic features of the condition, including a description of the diagnostic and prognostic role of serum and (or) urine electrophoresis. After the overview, the user may view a variety of cases of electrophoresis results observed in that condition. The multiple myeloma section contains 11 such cases.
Some of the viewing options from example 1 in the multiple myeloma section are shown in Fig. 3 . The patient in this example has a large (>20 g/L) IgG lambda monoclonal gammopathy in the gamma region with a surrounding hypogammaglobulinemia. The example can be viewed in the following ways: (a) two adjacent lanes from an agarose gel, one lane derived from a disease-free control and one lane derived from the patient with myeloma;
(b) the immunofixation results derived from the myeloma patient (Fig. 3A) ; (c) the same as case a, but also showing densitometry results in register with the gel results, the patient's results being shown in red and the control's in black (Fig. 3B) . Each of the images is overlaid with descripfive text pointing out the key features of the image. In this example, the patient has neither a monoclonal component in the urine nor proteinuria, so the urine result is not shown. In other cases, the examination of urine is essential and the user has, in addition to all the serum displays discussed above, the option to view The review of disease states uses animation to illustrate the development and remission of various pathological patterns, as illustrated in Fig. 4 . Fig. 4A shows the first screen encountered if the user chooses to review the liver disease pattern. This screen consists of a normal serum pattern and two buttons, one labeled "show liver disease," and the other labeled "show normal." After the "show liver disease" button is activated, the pattern gradually changes from the normal pattern to a typical example of the pattern of chronic liver disease (Fig. 4B) . The pattern of chronic liver disease is characterized by anodal slurring of the albumin band secondary to bilirubin binding, marked polyclonal hypergammaglobulinemia, and a prominent betagamma bridge consisting mostly of IgA. The pattern gradually returns to normal (Fig. 4A) There is a program navigator button at every major menu in the program. The final examination consists of 20 image-based, multiple-choice questions that cover topics contained in Electrophoresis-Tutor.
The questions are presented in random order. Correct answers with explanations are provided for each question. There are two question formats.
The first consists of a question with five possible answers, only one of which is correct. The second format consists of two images and a statement; the student is asked whether the statement applies to image A, image B, both images, or neither image.
Discussion
In our clinical laboratories, we use ElectrophoresisTutor as a supplement to supervised instruction. The trainees-whether doctors, technologists, or students-start the electrophoresis rotation by going through Electrophoresis-Tutor.
This allows the trainees to come to the teaching bench prepared, so that instructors can proceed directly to in-depth coverage of interesting cases rather than having to teach very basic material.
Both teachers and students gain because the students move substantially beyond the basics, and the teachers do not have to perform some of the more monotonous aspects of teaching.
Another important use of Electrophoresis-Tutor is as a reference source for both instructors and students. We often clariQy cases at the bench by comparing them with cases in the program.
The tutorials program navigator feature is particularly useful in this context. The approach to teaching embodied in the tutorial could be useful for teaching the interpretation of any electrophoresis-based laboratory test, e.g., hemoglobin electrophoresis, capillary zone electrophoresis, electrophoresis of nucleic acids, and others. Our plans include developing tutorials to cover some of these topics, updating Electrophoresis-Thtor, and studying the educational effectiveness of the tutorials.
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